INTRODUCTION {#sec0005}
============

Radical cystoprostatectomy with bilateral pelvic lymph node dissection (PLND) is the standard treatment for male patients harboring muscle invasive or very high-risk non-muscle invasive bladder cancer \[[@ref001]\]. With the aim to improve sexual and functional outcomes, several prostate-sparing cystectomy techniques have been proposed \[[@ref003]\]. However, the high incidence and potentially poor prognosis of urothelial carcinoma involvement of the prostate (UPI) makes these approaches too risky for widespread use \[[@ref007]\].

Several authors reported incidence and survival implications of patients affected by UPI treated with radical cystoprostatectomy \[[@ref007]\]. Depth of tumor involvement was significantly associated with survival outcomes \[[@ref008]\], although this was evident only with prostatic stromal invasion \[[@ref007]\]. Other studies failed to observe a survival impairment for patients with UPI where they showed similar survival of patients affected by pT3 disease \[[@ref012]\].

However, only a minority of studies investigated the differential impact of different levels of UPI \[[@ref007]\]. To address these unknowns, we assessed the association of UPI with pathologic characteristics and survival outcomes in patients treated with radical cystoprostatectomy in a multicentric study composed by three referral centers.

METHODS {#sec0010}
=======

Data from 995 male patients treated with radical cystoprostatectomy for non-metastatic bladder cancer between 1983 and 2006 at three referral centers were included in the study. Patients were staged preoperatively with pelvic/abdominal computerized tomography or magnetic resonance and chest x-ray. Each ethical committee approved the study. No patient was treated with neoadjuvant chemotherapy. Cystoprostatectomy specimens were analyzed by dedicated uropathologists. Prostatic urothelial carcinoma was stratified in four groups: prostatic urethral carcinoma *in situ* \[CIS\], lamina propria invasion, ductal CIS and prostatic stromal invasion. After the operation, the prostate was covered with India ink and after fixation for 24 hours in 4% neutral buffered formalin; the prostate specimens underwent step sectioning at 4 mm intervals. The apex, base and seminal vesicles were removed from each specimen and submitted in total for routine histological examination. Lymphovascular invasion was defined as the unequivocal presence of tumor cells within an endothelium-lined space without underlying muscular walls \[[@ref015]\]. Focality of the tumor was visually evaluated and multifocality was defined as the presence of multiple papillary disease. Bladder neck involvement was visually determined. Positive soft tissue surgical margin was defined as the presence of tumor at inked areas of soft tissue on the radical cystoprostatectomy specimen. Adjuvant chemotherapy was administered on the bases of clinical and pathologic characteristics and physicians' preferences. History of concomitant CIS was defined as CIS diagnoses at any time before radical cystoprostatectomy. Variant histology was defined as the presence of histological variants different from urothelial carcinoma. History of CIS was defined as a previously CIS diagnosed at transurethral resection before radical cystoprostatectomy. Bladder neck involvement and focality were referred to the previous TUR before radical cystoprostatectomy. Given the initial agreement between the participating institutions, center identifiers were removed from the database.

Postoperative follow up was not standardized due to the retrospective nature of the study. However, patients were generally evaluated postoperatively every 3--4 months for the first year, semiannually for the second year, and annually thereafter. Examinations included radiological imaging with urographic phase (physical examination, laboratory testing, urine cytology, urethral washings in selected cases and bone scans when indicated. The institutional review board of each center approved this retrospective study.

Covariates and end points {#sec0015}
-------------------------

All patients included in this study had complete clinical and pathological data. The primary end point was to assess predictors of UPI and stromal prostatic involvement at the time of radical cystoprostatectomy. Our second end point was to assess the association of the levels of prostatic involvement with other pathological features and overall survival. Vital status was identified from chart review and death certificates. On death certificates, bladder cancer was considered the cause of death when it was mentioned as the first cause on the list \[[@ref016]\].

Statistical analyses {#sec0020}
--------------------

Descriptive statistics of categorical variables focused on frequencies and proportions. Means, medians, and Interquartile ranges (IQR) were reported for continuously coded variables. Chi-square and Mann- Whitney tests were used to compare the statistical significance of differences in proportions and medians, respectively. Univariable and multivariable logistic regression analyses were built to assess the impact of preoperative parameters on the prediction of prostatic involvement. Specifically, two models were presented: one with all the available confounders and one with only preoperative variables. Kaplan-Meier curve to estimate overall mortality-free rates was built stratifying according to the level of prostatic involvement. Univariable and multivariable Cox regression analyses tested the impact of UPI on overall mortality after accounting for all available confounders. Statistical analyses were performed using the R statistical package (R Foundation for Statistical Computing, Vienna, Austria) and SPSS v. 20.0 (IBM Corp., Armonk, NY, USA). All tests are two-sided and *p* \< 0.05 was considered as significant.

RESULTS {#sec0025}
=======

Patient characteristics {#sec0030}
-----------------------

Clinical and pathologic demographics of the cohort are reported in [Table 1](#blc-3-blc160086-t001){ref-type="table"}. Median age was 69 years. Prostatic involvement was recorded in 307 (30.9%) patients: 86 (28.0%) recorded prostatic urethral CIS,, 37 (12.1%) prostatic ductal CIS, 40 (13.0%) lamina propria invasion and 144 (46.9%) prostatic stromal invasion. Considering pathologic T stage, T3 disease was found in 1 out 3 patients (*n* = 314, 31.6%) while 300 (30.2%), 214 (21.5%) and 167 (16.8%) were diagnosed with pT0-1, pT2 and pT4 a,b diseases, respectively. Moreover, UPI was associated win an increased risk of harboring lymph node metastases (*p* \< 0.001). Patients diagnosed with prostatic stromal invasion were more like to harbor lymph node metastasis and LVI than those with other type of prostatic invasion, who turn, harbored a higher rate than patients without prostatic involvement. Conversely, concomitant CIS and multifocality at diagnosis was more frequent in patients with level without stromal prostatic disease compared to those with stromal prostatic invasion who harbored these features more commonly than patients without prostatic involvement. There was no difference in the rate of bladder neck involvement or variant histology between the different levels of prostatic involvement. [Figure 1a--d](#blc-3-blc160086-g001){ref-type="fig"} are representative images of BCa invading the prostate.

###### 

Descriptive characteristics for the cohort of 995 male patients with non-metastatic bladder cancer who underwent radical cystoprostatectomy stratified according level of urothelial prostatic invasion

  Variables                          Entire Cohort   No invasion    prostatic     prostatic    lamina propria   prostatic stromal   *p* value
  --------------------------------- --------------- ------------- ------------- ------------- ---------------- ------------------- -----------
  *Age at RCP, years*                                                                                                              
  Mean                                    67             67            66            69              70               69.2             0.1
  Median (IQR)                        69 (61--75)    69 (60--74)   65 (58--76)   69 (65--74)    71 (62--75)        70 (62--77)     
  *Focality at TUR*                                                                                                                
  Unifocal                            637 (64.0%)    515 (74.9%)   34 (39.5%)    14 (37.8%)      14 (35.0%)        60 (41.7%)        \<0.001
  Multifocal                          278 (27.9%)    104 (15.1%)   49 (57.0%)    21 (56.8%)      25 (62.5%)        79 (54.9%)      
  Bladder neck involvement at TUR      16 (1.6%)      8 (1.2%)      2 (2.3%)      1 (2.7%)        2 (5.0%)          3 (2.1%)           0.4
  *Histological types*                                                                                                             
  Urothelial pure                     822 (82.6%)    554 (80.5%)   82 (95.3%)    32 (86.5%)      35 (87.5%)        119 (82.6%)         0.1
  Variant                              98 (9.8%)      65 (9.4%)     3 (3.5%)      3 (8.1%)       5 (12.5%)         22 (15.3%)      
  Grading                                                                                                                          
  G1-G2                                12 (1.2%)      12 (1.7%)      ------        ------          ------            ------            0.2
  G3                                  908 (91.3%)    607 (88.2%)   85 (98.8%)    35 (94.6%)      40 (100%)         141 (97.9%)     
  History of Concomitant CIS          422 (42.4%)    251 (36.5%)   53 (61.6%)    21 (56.8%)      25 (62.5%)        72 (50.0%)        \<0.001
  Positive STSM                        59 (5.9%)      42 (6.1%)     6 (7.0%)      3 (8.1%)        1 (2.5%)          7 (4.9%)           0.8
  Adjuvant chemotherapy               177 (17.8%)    111 (16.1%)   19 (22.1%)    11 (29.7%)      10 (25.0%)        26 (18.1%)          0.1
  LVI                                 386 (38.8%)    198 (28.8%)   41 (47.7%)    14 (37.8%)      16 (40.0%)        117 (81.3%)       \<0.001
  LNI                                 249 (25.0%)    114 (16.6%)   25 (29.1%)    11 (29.7%)      10 (25.0%)        89 (61.8%)        \<0.001

RCP: radical cystoprostatectomy, IQR: interquartile range, CIS: carcinoma *in situ*, STSM: soft tissue surgical margin, LVI: lymphovascular invasion, LNI: lymph node invasion.

![(a) Carcinoma *in situ* urothelial cells invading prostatic glands (small green arrows represent secretory cell and large red arrows represent urothelial carcinoma *in situ*). (b) Urothelial carcinoma *in situ* prostatic urethra and ducts and invasive urothelial carcinoma at the level of verumontanum. (c) Urothelial CIS involving prostatic duct and invasive urothelial carcinoma. (d) Urothelial carcinoma *in situ* involving ejaculatory duct.](blc-3-blc160086-g001){#blc-3-blc160086-g001}

Predictors of prostatic involvement {#sec0035}
-----------------------------------

Univariable and multivariable logistic regression analyses predicting UPI and stromal involvement are depicted in [Tables 2](#blc-3-blc160086-t002){ref-type="table"} and [3](#blc-3-blc160086-t003){ref-type="table"}, respectively. At multivariable analyses, prostatic involvement was associated to multifocal tumor (OR: 6.60, *p* \< 0.001), lymphovascular invasion (OR: 2.61, *p* \< 0.001), lymph node metastases (OR: 2.02, *p* \< 0.001), concomitant CIS (OR: 2.02, *p* \< 0.001). In the preoperative model, only age (OR: 1.02, *p* \< 0.05), multifocal tumor (OR: 6.91, *p* \< 0.001) and concomitant CIS (OR: 1.73, *p* \< 0.001) were associated with an increased risk to harbor UPI at radical cystoprostatectomy. The same models were built predicting prostatic stromal involvement ([Table 3](#blc-3-blc160086-t003){ref-type="table"}). At multivariable analyses, prostatic prostatic stromal involvement was associated to age (OR: 1.03, *p* \< 0.05), multifocal tumor (OR: 3.12, *p* \< 0.001), lymphovascular invasion (OR: 4.92, *p* \< 0.001) and lymph node metastases (OR: 2.81, *p* \< 0.001). However, when only preoperative parameters were considered only age (OR: 1.02, *p* \< 0.05) and multifocal tumor (OR: 3.81, *p* \< 0.001) were associated with an increased risk to harbor prostatic stromal involvement involvement at radical cystoprostatectomy.

###### 

Univariable and multivariable logistic regression analyses for prediction of prostatic involvement in 995 male patients treated with radical cystoprostatectomy for bladder cancer

  Variables                                     Univariable analyses   Multivariable analyses   Multivariable analyses,                                
  -------------------------------------------- ---------------------- ------------------------ ------------------------- --------- ------------------- -------------------
  Age, years                                     1.01 (1.00--1.03)              0.04               1.01 (1.00--1.03)       0.07     1.02 (1.01--1.03)         0.04
  *Histological types*                                                                                                                                 
  Urothelial pure                                       Ref                     Ref                       Ref               Ref     -----------------   -----------------
  Variant                                        1.05 (0.67--1.63)              0.8                1.01 (0.60--1.71)        0.9                        
  Multifocal vs. unifocal tumor at TUR           7.06 (5.16--9.66)            \<0.001              6.60 (4.71--9.25)      \<0.001   6.91 (5.03--9.49)        \<0.001
  Lymphovascular invasion                        3.36 (2.53--4.47)            \<0.001              2.61 (1.76--3.85)      \<0.001   -----------------   -----------------
  Lymph node invasion                            3.95 (2.92--5.34)            \<0.001              2.02 (1.45--3.31)      \<0.001   -----------------   -----------------
  History of Concomitant Carcinoma *in situ*     1.93 (1.46--2.55)            \<0.001              2.02 (1.45--2.82)      \<0.001   1.73 (1.27--2.36)         0.001
  Bladder neck involvement at TUR                2.12 (0.79--5.71)              0.1                2.67 (0.80--8.86)        0.1     1.85 (0.59--5.79)          0.3

###### 

Univariable and multivariable logistic regression analyses for prediction of prostatic stromal invasion in 995 male patients treated with radical cystoprostatectomy for bladder cancer

  Variables                                     Univariable analyses   Multivariable analyses   Multivariable analyses,                                  
  -------------------------------------------- ---------------------- ------------------------ ------------------------- --------- --------------------- --------------------
  Age, years                                     1.02 (1.01--1.03)              0.03               1.03 (1.01--1.04)       0.04      1.02 (1.01--1.03)           0.04
  *Histological types*                                                                                                                                   
  Urothelial pure                                       Ref                     Ref                       Ref               Ref     -------------------   ------------------
  Variant                                        1.71 (1.02--2.86)              0.04               1.68 (0.94--3.01)       0.08                          
  Multifocal vs. unifocal tumor at TUR           3.82 (2.63--5.54)            \<0.001              3.12 (2.06--4.72)      \<0.001    3.81 (2.61--5.55)         \<0.001
  Lymphovascular invasion                        8.26 (5.30--12.88)           \<0.001              4.92 (2.85--8.49)      \<0.001    -----------------    -----------------
  Lymph node invasion                            6.99 (4.79--10.19)           \<0.001              2.81 (1.76--4.49)      \<0.001   ------------------    -----------------
  History of Concomitant Carcinoma *in situ*     1.28 (0.89--1.83)              0.2                1.30 (0.86--1.97)        0.2      1.11 (0.76--1.61)           0.6
  Bladder neck involvement at TUR                1.29 (0.36--4.60)              0.7                1.71 (0.38--7.60)        0.5      1.04 (0.28--3.89)           0.9

Survival estimates according to level of prostatic involvement {#sec0040}
--------------------------------------------------------------

Mean and median follow-up were 82 and 70 months, respectively. Overall, 3, 5 and 10-year overall mortality-free rates were 62%, 53% and 29%, respectively ([Fig. 2A](#blc-3-blc160086-g002){ref-type="fig"}). Patients were subsequently stratified according to the level of prostatic involvement ([Fig. 2B](#blc-3-blc160086-g002){ref-type="fig"}, *p* \< 0.001). [Table 4](#blc-3-blc160086-t004){ref-type="table"} depicted univariable and multivariable Cox regression analyses assessing overall mortality in radical cystoprostatectomy patients. At multivariable analyses prostatic urethral CIS (Hazard Ratio \[HR\]: 1.53, confidence interval \[CI\]: 1.09--2.16, *p* = 0.01), prostatic ductal CIS (HR: 1.66, CI: 1.06--2.60, *p* = 0.03), lamina propria invasion (HR: 1.82, CI: 1.80--2.81, *p* = 0.007) and prostatic stromal invasion (HR: 1.96, CI: 1.49--2.59, *p* \< 0.001) UPIs were all associated with worse overall mortality when compared with no prostatic involvement.

![Kaplan-Meier survival analysis assessing (A) overall mortality -free rates in 995 bladder cancer patients treated with radical cystoprostatectomy. Analyses were repeated (B) after stratifying patients according to the level of prostatic invasion (no invasion vs. prostatic urethral CIS vs. lamina propria invasion vs. ductal CIS vs. stromal invasion).](blc-3-blc160086-g002){#blc-3-blc160086-g002}

###### 

Univariable and multivariable Cox regression analyses predicting overall mortality in 995 male patients treated with radical cystoprostatectomy for bladder cancer

  Variables                   Univariable analyses   Multivariable analyses                      
  -------------------------- ---------------------- ------------------------ ------------------- ---------
  *Histological types*                                                                           
  Urothelial pure                     Ref                     Ref                    Ref            Ref
  Variant                      1.64 (1.23--2.17)             0.001            1.36 (1.02--1.82)    0.04
  *Pathologic T stage*                                                                           
  pT0-T1                              Ref                     Ref                    Ref            Ref
  pT2                          2.40 (1.78--3.25)            \<0.001           1.58 (1.13--2.21)    0.008
  pT3                          4.72 (3.65--6.11)            \<0.001           2.00 (1.43--2.79)   \<0.001
  pT4                          7.30 (5.30--10.05)           \<0.001           2.00 (1.31--3.03)    0.001
  *UPI*                                                                                          
  No prostatic involvement            Ref                     Ref                    Ref            Ref
  Prostatic Urethra/CIS        1.86 (1.33--2.59)            \<0.001           1.53 (1.09--2.16)    0.01
  Ductal CIS                   1.86 (1.21--2.86)             0.005            1.66 (1.06--2.60)    0.03
  Lamina propria invasion      2.05 (1.34--3.14)             0.001            1.82 (1.80--2.81)    0.007
  Stromal invasion             4.40 (3.51--5.50)            \<0.001           1.96 (1.49--2.59)   \<0.001
  Lymphovascular invasion      3.93 (3.21--4.81)            \<0.001           1.91 (1.45--2.51)   \<0.001
  Lymph node invasion          3.29 (2.71--3.99)            \<0.001           1.44 (1.13--1.83)    0.003
  STSM                         1.26 (0.85--1.86)              0.2             1.37 (0.89--2.10)     0.1
  Adjuvant chemotherapy        1.03 (0.81--1.31)              0.8             0.87 (0.66--1.13)     0.3

HR: Hazard ratio, CI: confidence interval, UPI: urothelial prostatic involvement, CIS: carcinoma *in situ*, STSM: soft tissue surgical margin.

DISCUSSION {#sec0045}
==========

In the present study, we evaluated the prognostic impact of the different levels of UPI in patients affected by bladder cancer and treated with radical cystoprostatectomy. We found that the type of involvement was associated with different survival expectations; stromal involvement was associated with the worse outcomes. These findings were confirmed at multivariable analyses after adjusting for all available confounders. All the type of UPI was associated with worse survival outcomes and increased risk of harboring node metastases. Moreover, we assessed predictors of UPI involvement. We found that multifocal bladder cancer, lymphovascular invasion, presence of lymph node metastases and the presence of concomitant CIS are all associated with a higher probability to incur in UPI at the time of radical cystoprostatectomy. Conversely we found that age, histological type and bladder neck involvement were all not associated with a differential risk of harboring UPI.

Our findings confirm previous literature assessing the impact of UPI on survival outcomes in radical cystoprostatectomy patients \[[@ref007]\]. Knoedler et al. \[[@ref008]\] reported data of 201 patients treated at a single center between 1980 and 2006 who harbored UPI. Similarly to our findings, depth of UPI was significantly associated with survival. Bruins et al. \[[@ref017]\] analyzed prostatic involvement of 1,476 patients treated with radical cystoprostatectomy between 1971 and 2008. Stromal prostatic urothelial involvement was found in 163 patients (11.0%), while 149 patients (10.1%) had ductal involvement. On survival analyses, stromal involvement was a predictor of poor outcomes when compared to ductal involvement or no prostatic involvement.

Previous investigators assessed incidence and impact on survival of incidental prostate involvement in bladder cancer patients treated with radical cystoprostatectomy \[[@ref017]\]. Specifically, incidental diagnosis of adenocarcinoma of the prostate was already described as not significant in predicting survival in bladder cancer patients treated with radical cystoprostatectomy and were therefore not included in this study \[[@ref023]\]. Other studies assessed the impact of urothelial prostatic involvement on survival.

Although the presence of a concomitant incidental adenocarcinoma of the prostate, both indolent and aggressive, has been described as non-significant in the prediction of survival of patients treated for bladder cancer by several previous authors \[[@ref023]\], urothelial prostatic involvement at the time of radical cystoprostatectomy is one of the worst prognostic features in bladder cancer patients \[[@ref017]\]. Other reports previously assessed factor associated with this poor pathological features \[[@ref025]\]. Specifically, previous recurrence pattern, number of lesions and location of tumor were found as reliable predictors to the possibility to incur in UPI \[[@ref025]\]. However, in comparison to previous reports, our study stratified prostatic urothelial involvement to different categories. We assessed the importance of each level of UPI with survival outcomes differing according the level of involvement which we demonstrated associated with different survival expectations.

Our study has therefore several clinical implications. First and foremost, our findings confirmed that a sub-stratification in urothelial prostatic involvement is needed as they have a differential effect on survival. Uro-pathologists should therefore consider this parameter in their evaluation of the prostatic specimen in radical cystoprostatectomy in the report. Despite our report is only a preliminary study, we think that a careful pathological description of the prostatic involvement should be recommended. Second, we found that several clinical and pathological factors should be considered by physicians to predict urothelial prostatic involvement. Third, we found that stromal involvement is strongly associated with worse survival outcomes in radical cystoprostatectomy patients. Moreover, we found that all the type of UPI was associated with worse survival outcomes even after accounting for all available confounders.

These results highlight the importance of a carefully description of UPI in prostate specimens after radical cystoprostatectomy. We confirm that whole mount sections detected higher incidence of UPI as previously described \[[@ref027]\].

Ayyathurai et al. \[[@ref007]\] investigated prostatic involvement with conventional pathologic processing. They found a rate of prostatic involvement of 24% compared to 30,9% found in our series. These results confirm previous literature supporting the role of whole mount prostate evaluation in radical cystoprostatectomy patients \[[@ref029]\]. However, different pathologic evaluation is only one of the parameters that might have change between the two series and therefore prospective data are required to analyze the impact of different pathologic evaluation on UPI diagnoses after radical cystoprostatectomy.

Despite several strengths, our study is not devoid of limitations. Firstly, we recognize that our study is limited by its observational and retrospective nature, and thus our results should be interpreted with caution. Second, no central pathologic review has been performed and every center involved analyzed the studied specimen independently. On the other hand, all the centers involved in the study were institutional centers with dedicated uropathologists. Third, the lack of some potentially important confounders (urinary diversion type and number of nodes removed) partially limits our findings. Fourth, no data regarding recurrence or cancer specific mortality was available for this cohort. Fifth, in the present cohort we were unable to evaluate the percentage of variant histology in bladder cancer specimen after radical cystoprostatectomy that is potentially related to the survival outcomes. Moreover, it has to be report that all the patients diagnosed with non-urothelial disease were grouped together. Sixth, levels of UPI were decided arbitrarily and might not represent the best categorization for the prediction of survival outcomes. Specifically, we were not able to differentiate different pattern of stromal invasion, from the bladder wall or from prostatic urethra that might have a different impact on survival outcomes.

CONCLUSION {#sec0050}
==========

In conclusion, we confirm prior studies demonstrating that prostatic urethra involvement with bladder cancer at the time of radical cystoprostatectomy represents an important poor prognostic indicator. In this setting, we demonstrated that different levels of involvement are associated with different survival expectancies. Finally, we found that several preoperative and pathological factors can be successfully used by physicians to predict this adverse pathological feature.
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